The purpose of the study was to determine microbial contamination of mutton carcass surface with regard to the number of the slaughtered animals. The total bacterial load and Enterobacteriaceae and enterococci counts were determined. Sampling for microbiological analysis as well as detection and enumeration of each microorganism group were performed according to the Polish Standards. No significant effect of the order of the slaughtering animals during the slaughter day on total bacterial count on mutton carcass surfaces was found. The overall bacterial contamination of mutton carcasses were between 1.0 × 10 3 cfu/cm 2 (3.0 log -stage I) and 2.5 × 10 3 cfu/cm 2 (3.4 log -stage III). No significant difference among the slaughter cycles, as indicated by total microbial numbers was observed. The obtained daily mean log values ranged from 4.7 × 10 2 (2.67 log) and 7.6 × 10 3 (3.88 log) cfu/cm 2 . The daily log mean values were lower than the maximal bacteria count (M) set out for hygiene standard of sheep slaughter process by the Commission Regulation 2073/2005. Bacteria belonging to the Enterobacteriaceae family were recovered from 21 (65.6%) samples while enterococci were identified in 28 (87.5%) samples. In most cases, significant differences in the level of contamination with bacteria isolated from the carcasses at each stage of a daily slaughter cycle, were not observed. At stage III, significantly higher levels of bacterial contamination (0.86 and 1.31 log cfu/cm 2 respectively) were established as compared to stage I (0.37 and 0.58 log cfu/cm 2 respectively). There were no Salmonella-positive samples determined. Importantly, the number of slaughtered animals during a slaughter day did not influence bacterial contamination on carcass surface if the successful application of HACCP control system was combined with the implementation of optimal sanitary supervision.
Introduction
Current mandatory procedures for post-mortem examination of slaughtered animals and meat do not allow detection of all potential microbiological hazards associated with slaughter material contamination during slaughter operations. Therefore, specified relevant methods for microbiological control are required to enhance the ability to monitor slaughter process hygiene. The EU law (3) established the rules and criteria for process hygiene of slaughter animals. A process hygiene criterion defines requirements indicating the acceptable functioning of the production process and is not applicable to products placed on the market. It sets indicative contamination value above which the corrective actions are required in order to maintain the hygiene of the process in compliance with food law. A microbiological criterion in relation to process hygiene for carcasses of cattle, horses, goats, mutton, and pigs defines aerobic bacterial count, limits of Enterobacteriaceae, and the presence of Salmonella rods. The established microbiological requirements can be applied at various stages, preferably at postevisceration but before pre-chilling process of carcasses. The microbiological criteria for slaughter process hygiene are common for cattle, goat, horse, and mutton carcasses. Comparison of the relevant guidelines for pig carcasses emphasises differences in the level of microbial limits (m) for aerobic bacteria, maximum value (M) of Enterobacteriaceae count, as well as number of samples with acceptable level of Salmonella contamination. In the case of unsatisfactory results, actions should be taken to make improvements in slaughter hygiene as well as review of process controls. In the case of Salmonella detectionverification of origin of animals is also needed.
The objective of the presented study was to determine bacterial contamination of mutton carcass surfaces depending on the order of the slaughtering animals during a slaughter day.
Material and Methods
The study included mutton carcasses from the approved slaughterhouse eligible to place products on the market. The slaughter process in this abattoir proceeded in one cycle on a fixed day of the week (most frequently Monday) and daily average number of slaughtered full-grown sheep was 133. In order to determine a total count of aerobic bacteria, 32 carcasses (eight in each slaughter cycle) were examined for the presence of Enterobacteriaceae and enterococci, while 50 carcasses (12 in three cycles and 14 in four cycles) for the presence of Salmonella. After all post-slaughter examinations but before the onset of chilling process, the muscle tissue sampling was performed. Each bacterial group was subjected to microbiological analysis in accordance with the Polish Standards (10-13). The destructive sampling and swab sampling procedure were applied to take samples from scrag, brisket, saddle, and leg in compliance with the Polish Standard (14) . Each daily slaughter cycle was divided into four stages. In stage I, the number of slaughtered animals did not exceed 25% of total number of animals for slaughter on that day, in stage II -the number was found within the range of 51%-60%, in stage IIIwithin 61%-74%, and in stage IV -it was always above 75%. The samples were collected from two carcasses at each stage. The results obtained for the samples collected during II, III, and IV stages were the basis for calculation of daily log mean value in the investigated cycles (days). The obtained results describing total bacterial contamination were analysed statistically calculating the mean values and standard deviations. The effect of variation factor was determined on the basis of variance analysis with the estimation of T-Tukey`s multiple confidence intervals for P ≤ 0.05.
Results
The results of total microbial contamination of mutton carcass surfaces are summarised in Tables  1 and 2 .
It was demonstrated that the order of slaughtering sheep during a slaughter day did not influence significantly the total bacterial concentration on mutton carcass surfaces. Total aerobic bacteria contamination was found to be between 1.0 × 10 3 cfu/cm 2 (stage I) and 2.5 × 10 3 cfu/cm 2 (stage III). Similarly, regarding total microbial count, no significant differences between each slaughter cycle were reported. It was found that total microbial contamination was from 4.7 × 10 2 (2.67 log) up to 7.6 × 10 3 (3.88 log) cfu/cm 2 . Table 1 . Bacterial contamination (log cfu/cm 2 ) of mutton carcass surfaces during each stage of daily slaughter cycle (n = 8)
Means denoted by the different letters differ significantly at P 0.05 1,2,3,4 -bacteria from Enterobacteriaceae family were not identified in five, two, one, and three respectively, 6,7 -enterococci were not identified in three and one samples respectively Table 2 . Bacterial contamination (daily mean log cfu/cm 2 ) of mutton carcasses at each slaughter cycle (n = 6) Means denoted by the some letters do not differ significantly at P 0.05 1,2,3 -bacteria from Enterobacteriaceae family were not identified in three, one and two samples respectively, 4 ) and 0.9 -1.67 log cfu/cm 2 (8-4.7 × 10 1 cfu/cm 2 ), respectively. As regards microbial contamination with Enterobacteriaceae, daily mean log values of bacterial contamination were reported not to exceed the limits for bacteria counts (m < 1.5 log cfu/cm 2 ) for hygiene standard of sheep slaughter process established by the Commission Regulation 2073/2005 (3). The present study did not detect any evidence for Salmonella contamination of the studied samples.
Discussion
The daily mean log values of aerobic bacterial contamination determined in the study were found not to exceed the maximal bacteria numbers (M < 5.0 log cfu/cm 2 ) established for hygiene standards of sheep slaughter process by the Commission Regulation 2073/2005 (3). Only in cycle III, the daily mean log values of contamination exceeded the upper limits for bacterial count (m ≤ 3.5 log cfu/cm 2 ). The results of the present study are consistent with those of other authors, who established a level of total aerobic contamination between 1.78 and 3.92 log cfu/cm 2 (citation 7, 17). In our research concerning slaughter process of lambs (15) , the daily mean log values of contamination with those bacteria did not exceed the "m" limits in any tested cycle. However, a higher level of sheep carcass contamination with these bacteria was observed in two low capacity slaughterhouses, where it ranged from 4.39 up to 5.7 log cfu/cm 2 and depended on a sampling site, from 5.8 (breast sample) up to 6.74 (lateral side of the chest cavity) log cfu/cm 2 (7) . Besides, the study revealed beneficial effect of chilling process on overall contamination concentration, which was significantly reduced (7). Substantially higher levels of mutton carcass microbial contamination with the Enterobacteriaceae and Enterococcus sp., in comparison to those reported in the present research, are mentioned in the literature. The levels for Enterobacteriaceae (log cfu/cm 2 ) reached from 2.91 for pre-chilled carcasses up to 2.0 for post-chilled ones, while from 2.25 (on breast muscle surface) up to 3.34 (lateral side of the chest cavity). The microbial contamination of sheep carcass with Enterococcus sp. fluctuated depending on the sampling site and ranged between 1.88 log cfu/cm 2 (breast) and 2.31 log cfu/cm 2 (brisket) (7). As regards bacterial contamination of mutton carcass with E. faecalis, subjected to a slaughter process stage, it fluctuated within 3.1 (after washing) and 3.75 log cfu/cm 2 (after evisceration) (2) . A number of studies on mutton carcass microbial contamination with Salmonella present more varying data. The percentage of mutton carcass contamination with Salmonella ranged from 0%, through 5.1% up to 9.6% (2, 7, 9, 15, 16) . The chilling process of mutton carcasses turned out to be an effective operating procedure as it lowered the percentage of Salmonellapositive sheep carcasses more than 3-fold (7).
The results of this research indicate that a number of slaughtered animals had no effect on a level of carcass surface microbial contamination. It results from the appropriate sanitary supervision as well as effective implementation of HACCP standard system in the abattoir under investigation.
